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ABSTRACT:  This paper examines the possibility of reconditioning by welding car parts. In this 
sense it was used TIG welding process and filler material was used STELLITE 12. After 
reconditioning by welding was analyzed batch material hardness material submitted under ASME, 
and the dilution effect of multiple batches of materials being analyzed chemical composition of the 
base material, heat affected zone, weld material, the first batch and second batch made submitted. 
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1. INTRODUCTION      
 
For major pieces of construction trucks 
(crankshafts, camshafts, stepped shafts, 
cylinder heads, cylinder shirts, planetary, 
pivots, steering knuckles, etc) repair by 
reconditioning the load has some 
important advantages, namely[1,4]: 
- significant energy savings because it 
does not waste energy development 
material, blank, with processing to final 
form, and it consumes much less energy 
to restore worn surfaces to the dimensions 
of operation; 
- significant material savings because it 
consumes only upload material surface 
treatment, which is much less than the 
materials consumed for the production of 
new parts; 
- labor savings because it uses only labor 
to restore the worn surface to its original 
condition or better, which is much less 
than the consumed by production of new 
parts; 
- saving equipment and tools as producing 
new spare parts consumes much more 
than when restoring a worn surface 

dimensions and performance 
characteristics required by the functional 
role; 
- significant reduction of environmental 
pollution, because the amount of 
pollutants emitted during the 
reconditioning process is much less than 
the amount of pollutants emitted from 
achieving new spare parts [1,2]. 

Because reconditioning parts have 
outstanding reliability should result in the 
end a pair, basic material-weld material to 
have the following characteristics: 
resistance of the line from more than 45 
MPa; between 8 and 12 % porosity to 
allow absorption of a significant amount 
of lubricant, respectively, to increase 
resistance to wear; fatigue strength  7...15 
% higher than the new song. The wear 
resistance of 50...300 % higher than that 
of the support; deposited layer thickness 
greater than 0.5 mm, allowing for 
correction of finishing; crystalline 
structure with equiaxed grains and as 
small heat affected zone. 

These goals can be achieved if 
charging is done by reconditioning 



 
 
 
 
Annals of the „Constantin Brâncuși” University of Târgu-Jiu,Engineering Series, Issue 4/2014 
 

  107 
 

environment protective gas welding, TIG 
method, 100 % argon [3, 8, 9]. 

 

 
 

EXPERIMENTAL RESULTS 
 

Experiments were made taking into 
account the established research methods 
and included the following steps: 
- couples choosing material (base 
material, filler), the most widely used in 
truck repair industry; 
- choice of method of reconditioning by 
welding load that is recommended and 
maximum efficiency; 
- choosing reconditioning regime 
parameters; 
- creation of a set of experiments couples 
various materials, various types of 
surfaces with different charging schemes; 
- a set of tests is the couple of materials 
resulting from refurbishment to determine 
the main functional characteristics; 
- optimization reconditioning by welding 
load by determining the objective 
function. 

For experiments was chosen as a base 
material mild steel with a chemical 
composition it utilizes for manufacture of 
truck crank shaft shown in Table 1, and 
the filler alloy was chosen Stella 12, 
whose chemical composition is presented 
in Table 2. 
 

Table 1. Content of the base material MB. 
The 
base 

material 

The content of the components [%] 

C Mn Si P S 

MB 0,135 0,720 0,50 0,016 0,005 
The 
base 

material 

The content of the components [%] 

Cr Ni Mo Co Fe 

MB 11,83 0,160 0,050 0,020 Rest 
 
 
 
 
 
 
 

Table 2. Contents MA filler material. 
The 
base 

material 

The content of the components [%] 

C Cr Ji W Fe 

MA 1,43 29,7 1,50 9,16 2,15 
The 
base 

material 

The content of the 
components [%] 

Ni Mn Mo Co 
MA 2,07 0,40 0,15 Rest 

 

To assess the wear resistance and 
hardness measurements were made on 
specimens processed properly ASME 
SEC. IX + API 6A and ISO 15614-7, as 
the diagrams in Figures 1 and 2. 
 

 
 

Figure 1. Determination of hardness 
according to ISO 15614-7: MA-filler 

material; LD-surface boundary; HAZ-heat 
affected zone; MB-based material; X-
point for the determination of hardness 

 

 
Figure 2. The hardness measurement 

areas according to the ASME: MA-filler 
material; MB-based material; LD-surface 
boundary; HAZ-heat affected zone; X-
point for the determination of hardness 
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The main mechanical characteristics 

of the two materials used in the 
experiments, determined on test 
specimens made of the three different 
areas corresponding shown in Table 3. 
 
Table 3. Main reconditions mechanical 
properties of the loading environment 
protective gas welding, TIG process, 

argon 100 %. 
The area 

for deposit 
Mechanical properties 

Rp0,2 
[MPa] 

Rm 
[MPa] 

A 
[%] 

Z 
[%] 

KV 
[daJ/cm2] 

HV10 
 

The base 
material 

(MB) 
498 675 20 56 30,6 197 

The heat 
affected 

zone (ZIT) 
424 593 18 34 24,3 237 

Headpieces  
(MA) 664 868 22 62 4,2 685 

 
Experiments have been made by 

depositing several layers of filler because 
sometimes the required thickness of the 
deposited layer can be achieved in one 
layer and the phenomenon is greatly 
enhanced by dilution of the deposit of the 
second layer [5,6]. 
The experimental results from the 
hardness measurement are shown in Table 
4. The effect of the dilution multiple 
layers are presented in Table 5. 
 
Table 4. Experimental results of hardness 
measurement according to ASME section. 

IX and ISO 15614-7. 
The area for 
determining Batch 1 Batch 2 

Vickers hardness 
HV10 of the weld 

surface 

532 545 525 542 572 543 

Vickers hardness 
HV10 in welding 

550 500 542 537 556 546 

Hardness in the heat 
affected zone to 1.6 

mm LD HRA 
94,3 95,3 94,4 95,6 96,2 94,0 

3.2 mm LD 
hardness HRA 92,5 90,6 92,8 91,0 89,8 88,7 

The hardness of the 
base material HRA 91,6 92,5 91,7 92,5 92,6 92,4 

Table 5. Effect of the dilution multiple 
layers. 

The area for 
determining 

The content of the components 
[%] 

C Ni Mo Cr 
The base 
material 0,131 0,15 0,050 11,83 

Headpieces  1,39 2,01 0,15 29,7 
The heat 

affected zone 0,15 0,17 0,045 14,5 

The 1st batch 1,41 0,16 0,13 20,64 
The 2st batch 1,39 0,13 0,11 28,70 

The area for 
determining 

The content of the 
components [%] 

Mn Mo Fe 
The base 
material 0,720 0,050 85,3 

Headpieces  0,40 0,15 61,7 
The heat 

affected zone 0,765 0,067 86,3 

The 1st batch 0,35 0,052 60,1 
The 2st batch 0,32 0,045 58,3 

 
 There have been a number of 
structural analyses in the three separate 
areas to determine the changes suffered 
by the crystalline grains in the process of 
solidification of the solder bath [2]. 
 In a manner analogous, has made 
experimental measurements for another 
couple of different materials, namely: the 
base material - a low alloy steel with the 
chemical composition shown in Table 6 
and the deposit material -  carbide 
tungsten whose chemical composition is 
given in Table 7. 
 

Table 6. Chemical composition of the 
base material 

The base 
material 

 

The content of the components 
[%] 

C Si Mn P 
MB 0,32 0,35 0,45 0,025 

The base 
material 

 

The content of the components 
[%] 

S Cr Mo Ni 
MB 0,035 2,10 0,28 1,90 
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Table 7. Chemical composition of the 
deposit material 

The 
deposit 
material 

The content of the components [%] 

C Cr Si Fe W 

MA 1,8 24,5 2,68 2,88 28,5 
The 

deposit 
material 

The content of the components 
[%] 

Ni Co  Mo Mn 
MA 3,0 Rest 0,52 0,25 

  
 The recondition was done by 
mechanized welding in protective gas 
environment, 100% argon TIG process to 
determine the mechanical characteristics 
was made in a manner analogous in the 
three zones of the torque obtained results, 
to obtain the results in Table 8 [7,8]. 

  
Table 8. The main mechanical 
characteristics of reconditioned part 
through deposit in gas environment 
protective welding, TIG process, 100 % 
Argon 
The 
area 

tested 

Mechanical characteristics 
Rp0,2 

[MPa] 
Rm 

[MPa] 
A 

[%] 
Z 

[%] 
KV 

[daJ/cm2] 
HV10 

 
The 
base 

material  
(MB) 

432 564 25,3 60,4 35,8 232 

Heat 
affected 

zone  
(ZIT) 

398 534 21,2 48,6 18,3 588 

The 
deposit 
material  
(MA) 

803 1154 3,4 8,6 - 1356 

 For assessing of the tensile 
strength was made hardness 
measurements in three distinct areas, for 
the case where was deposited two batches 
of material, given the results in Table 9. 
 
Table 9. Experimental results of hardness 
measurement according to ISO 15614-7 

The area 
tested Batch 1 Batch 2 

Vickers 
hardness 

HV10 
of the 
weld 

surface 

1304 1308 1315 1325 1334 1345 

Vickers 
hardness 

HV10 
inside of  

 weld  

1300 1306 1308 1318 1326 1342 

Vickers 
hardness 
in HV10  

and ZIT, 
at 1,6 

mm LD 

688 689 692 714 728 743 

Vickers 
hardness 
HV10 at 
3,2 mm 
de LD  

676 682 688 701 712 724 

Vickers 
hardness 
HV10  in 
the base 
material 

230 235 237 248 252 264 

 
 The effect of deposit multiple 
layers against dilutions are shown in 
Table 10 [9]. 
 

Table10. The effect of deposit multiple 
layers against dilutions 

The area tested Chemical composition [%] 
C Ni Mo Cr 

The base material 0,29 1,8 0,26 2,0 
The deposit material 1,89 3,1 0,49 23,9 
Heat affected zone  0,35 2,85 0,50 24,1 

The 1st batch 1,65 2,89 0,51 24,2 
The 2nd batch 1,78 2,98 0,52 24,5 

The area tested 
Chemical composition 

[%] 
Co W Si 

The base material 0,02 0,02 0,35 
The deposit material 37,4 28,4 2,65 
Heat affected zone  38,2 2,2 1,87 

The 1st batch 39,6 26,7 2,33 
The 2nd batch 41,3 28,5 2,58 

 
In consequences of  the heat cycle 

whereon submit the base material and the 
deposit material (heating - melting - 
cooling - freezing) chemical composition 
changes occur, due to the phenomenon of 
dilution and functional properties and 
technological changes, due to structural 
change in the three areas around distinct 
demarcation line (base material, heat 
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affected zone and deposit material). The 
measurements were made from the outer 
surface of the layer deposited on the 
inside of the base material, as shown,  
with step 1.0 mm. Point "0" marks the 
boundary between the base material and 
the filler material (LD line). 

 

Figure 3. The scheme of the chemical 
composition measurement around the 

boundary: MA:deposit material, 
MB;deposit material, LD:boundary 

 
The samples were drawn, 

processed and appropriately labeled, and 
submitted to chemical analysis by 
fluorescence X-rays according to STAS 
11464-1980 (ISO 9556/2002). 

Figure 4 shows the variation of the 
concentration of Fe on depth, resulting a 
sharp increase in the heat affected zone, in 
the case of plating without activation by 
ultrasonic welding, and in the case of 
welding in the ultrasonic field, the 
increase is much lower in the heat 
affected zone, but stressing the base 
material as shown in figure 5 [6, 9,10]. 

 
Figure 4. The variation of the 

concentration of Fe on depth, measure at 
outsideof deposit batch toward base 

material in mm: 
a – plating without activation by 

ultrasonic; b – welding in the ultrasonic 
field. 

 
 

Figure 5. The variation of the 
concentration of Fe on depth, measure at 

outside of deposit batch in mm: 
a – plating without activation by 

ultrasonic; b – welding in the ultrasonic 
field. 
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CONCLUSION 
 

After analyzing the experimental 
results we can draw the following 
conclusions: 
 - a substantial increase in the 
hardness of the deposited layer and 
mixing properties of the weld surface; 
 - some decrease of ductility  in the 
heat affected zone due to the occurrence 
of precipitation of carbides at the grain 
boundaries; 
 - in the first deposited batch, the 
dilution was approximately 20 %, while in 
the second deposited layer, until the 
dilution reached 25 %; 
 - occurrence of stress fields at the 
interface heat-affected zone of the base 
material, heat-affected zone filler between 
layers deposited successively; 
 - occurrence of inclusions and 
porosity  
 To eliminate or mitigate these 
disadvantages charging optimizes welding 
in protective gas environment or apply 
other solutions to improve the deposition 
process such as computerization of the 
process; Ultrasonic activation of the filler 
material or the core material and the like. 
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